Introduction
Complex partial seizures commonly manifest with diverse ictal behaviours and phenomena, however hiccups are infrequently described. To the best of our knowledge ictal hiccups have not been documented with video EEG correlation in complex partial seizures. Here, we describe two patients, both with structural lesions and concordant EEG findings, in whom hiccups occur towards the end of seizures. We discuss the origin of the hiccups and their contribution to the seizure course.
Case one
A 73 year old lady with a 57 year history of complex partial seizures and occasional secondary generalisation was admitted for video telemetry as a part of her pre-surgical evaluation. Typical complex partial seizures were characterised by right arm movements and, when standing, falls that sometimes resulted in injury. MRI imaging had demonstrated right mesial temporal sclerosis (Fig. 1a , i-iii). Her seizures had proved refractory to multiple antiepileptic medications and on admission she was taking lamotrigine 125 mg twice daily, levetiracetam 250 mg twice daily (both of which were stopped during telemetry) and zonisamide 100 mg twice daily (which was continued). Seizure frequency at the time of admission was around 2 per month. Her resting EEG demonstrated normal posterior background rhythm with frequent short bursts of sharp waves/spikes in the right temporal region, maximal anteriorly. During the recording the patient had 3 seizures each lasting around 2 min, clinical and EEG changes were similar in all events. Attacks began with right hand automatism and slow head version, followed by chewing movements (Video 1). This was followed by clonic movements of the left hand and then, on each occasion, hiccups; shortly after hiccup onset the seizures ended. No hiccups were recorded outside of seizure events. During the seizures prominent rhythmical ictal epileptiform discharges in the theta frequency were apparent over the right temporal region with anterior emphasis. Bihemispheric involvement soon followed but the right anterior temporal dominance remained intact. Following the attacks she was confused and wandered around the bed. Subsequently the patient underwent a right selective amygdalohippocampectomy and no seizures have been reported postoperatively during one year follow up.
Case two
A 23 year old lady presented with frequent seizures since infancy. Seizures were typically complex partial events characterised by fidgeting and occasional vocalisation and/or secondary generalisation. Occasional simple partial events characterised by ''tingling'' sensations over the left side of the body were also reported, as were nocturnal seizures. Seizure frequency at the time of recording was approximately 8 per month. She was being treated with levetiracetam 1500 mg (reduced to 500 mg during recording), topiramate 200 mg and carbamazepine 800 mg, all twice daily. MRI imaging demonstrated a gliotic lesion in the right parietal lobe (Fig. 2a) , possibly a previous ischaemic insult. Right mesial temporal sclerosis was also present (Fig. 2b) . Resting EEG demonstrated normal alpha rhythm bilaterally and irregular slow wave activity over the right fronto-temporal region. Additionally, intermittent sharp waves were noted over the right temporal region. During sleep these were slightly more frequent. Presurgical evaluation was required to assess the ictal onset zone as she had two lesions. Three clinical seizures were captured during video telemetry recording, all of which arose during sleep. These attacks began with fidgeting and repetitive leg movements, followed by mouthing actions and vocalisation (Video 2). In one attack the patient began to hiccup and the seizure terminated shortly after this (Video 2). In each event the ictal epileptic rhythm was first recorded over the right parietal area which preceded clinical onset, ictal activity then subsequently spread to involve the whole right hemisphere and then the left hemisphere. The patient went on to have a vagal nerve stimulator implanted which reduced seizure frequency.
Discussion
Sudden, repetitive diaphragmatic and intercostal myoclonus leads to a rapid air rush into the lungs causing abrupt vocal cord and glottic closure, resulting in the characteristic ''hic'' of the hiccup. 1 Understanding of the physiology of hiccups is far from complete but the afferent loop likely includes phrenic, vagus and sympathetic nerves from T6-12, while the efferent loop is mediated by motor phrenic fibres and associated nerves innervating intercostal muscles. 2 Thus, both the afferent and efferent loops of the ''hiccup reflex arc'' may involve activation of the phrenic nerve with the end result of diaphragmatic contraction. Hiccup generation may occur in the medulla with higher cortical influences from the hypothalamus and temporal lobe and prolonged hiccups have been associated with medullary lesions. 3 However, hiccups have been reported in a wide variety of pathologies, including malignancy and various organ transplants. 4, 5 Hiccups are infrequent phenomena during seizures of any type. From our review of the literature only Fogarasi et al., have reported hiccups associated with complex partial seizures; their report on childhood partial seizures included one patient with hiccups although it is not clear whether these happened during the ictal or post-ictal periods. 6 We have previously reported hiccups during the ictus in a child with absence seizures. 2 In both of the cases we present in this paper the EEG onset was concordant with structural lesions, mesial temporal sclerosis in patient one and right parietal gliosis in patient two. The origin of the hiccups in these cases is uncertain, limiting their localising value in seizure semiology. Intractable hiccups have been reported, in the absence of seizures, in temporal lobe glioblastoma. 7 Similarly, Marsot-Dupuch reported three cases of persistent hiccups associated with temporal lobe lesions, and while seizures were reported, the nature of the events and their exact relationship to the hiccups is not described. 8 Hiccups also persisted in a patient with temporal lobe pathology even following seizure control with anti-epileptic medication. 9 Our second patient's seizure onset is in the parietal lobe and we can find no evidence of parietal lobe abnormalities being associated with hiccups. Based on the literature discussed, if the hiccups are the result of a focal cerebral pathology it is possible that it is spread of the seizure to the temporal lobe that drives hiccup genesis, most probably through connections with the brainstem. Alternatively, the hiccups may reflect autonomic involvement. 6 However, in both instances, the hiccups commence once seizure activity has spread to involve both cerebral hemispheres. The hiccups may therefore reflect activation of thalamocortical pathways during bihemispheric seizure activity, as we have suggested in a patient with absence seizures, 2 restricting their contribution to seizure semiology. In both patients the hiccups were apparent at the end of the ictus. The myoclonic activity of the diaphragm is mediated by the phrenic nerve; however, the vagus nerve is an integral component of the hiccup reflex and provides a means for ascending signals to be conveyed to higher centres during the hiccups. Vagal nerve stimulation is an effective treatment for refractory epilepsy. Hiccups may herald the end of the ictus through vagal activity and it is pertinent to note the improved seizure control of patient 2 with vagal nerve stimulation therapy. Interestingly, inter-ictal onset of hiccups has been reported to be associated with cessation of atonic seizures. 10 In this case, once the hiccups stopped the seizures returned suggesting an inhibitory effect of the hiccup reflex on seizure generation.
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